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Cefoxitin and cefamandole were evaluated in vitro against 263 organisms.
Studies were performed in Mueller-Hinton and nutrient broth and agar employ-
ing inoculum sizes of 106 and 108 organisms per ml. At obtainable serum levels
both antibiotics were bactericidal for nearly all strains of Escherichia coli,
Klebsiella, Proteus mirabilis, and Staphylococcus aureus but were inactive
against Pseudomonas aeruginosa and enterococcus. In agar, cefamandole ap-

peared to be active against most strains of Enterobacter and indole-positive
Proteus, whereas cefoxitin was active against indole-positive Proteus but not
Enterobacter. Moreover, in broth medium most strains ofEnterobacter were not
readily inhibited by either antibiotic and only 40 and 73% of indole-positive
Proteus were inhibited by 10 ,ug of cefamandole per ml in Mueller-Hinton and
nutrient broth, respectively. However, in both broth media, 10 ,ug of cefoxitin
per ml continued to be inhibitory and bactericidal for most isolates of indole-
positive Proteus. Cefoxitin also was bactericidal against four cephalothin-resist-
ant strains ofE. coli. These data suggest that cefoxitin broadens the spectrum of
existing cephalosporins by enhancing the activity against indole-positive Pro-
teus species as well as some other Enterobacteriaceae. On the other hand, with
the exception of strains of Enterobacter aerogenes, the apparent increased in
vitro activity of cefamandole was demonstrated in agar and not in broth.

Several cephalosporin antibiotics currently
are available for the therapy of infection. Two
more recently studied compounds, cefoxitin and
cefamandole, by virtue of their apparent resist-
ance to degradation by cephalosporinase en-
zymes, are reported to extend the antibacterial
spectrum of the cepahlosporin antibiotics (2-6).
Cefoxitin, although resembling cephalothin
structurally, is actually a member ofthe cepha-
mycin group of antibiotics (11). The present
studies were performed to assess the in vitro
antibacterial activity of cefoxitin and cefaman-
dole.

MATERIALS AND METHODS
Antibacterial activity was determined by anti-

biotic dilution methods performed in nutrient
(Difco) broth (NB) and agar and Mueller-Hinton
(Difco) broth (MHB) and agar. Studies in agar were
performed by use of a Steers replicator device (8). In
broth both minimal inhibitory concentrations (MIC)
and minimal bactericidal concentrations (MBC)
were determined by methods described previously
from this laboratory (7, 10). The MBC was defined as
the lowest concentration of antibiotic in which fewer
than three viable colonies were recovered when
about 0.005 ml of broth from each clear tube was
subcultured onto agar without antibiotic. A total of
173 isolates of Enterobacteriaceae and 30 isolates
each of Pseudomonas aeruginosa and enterococcus

were tested. Also studied were four cephalothin-
resistant strains ofEscherichia coli that had demon-
strated no zone of inhibition when tested with 30,g-
content cephalothin discs (1). A laboratory reference
strain ofE. coli inhibited by 2.5 ,ug of cefoxitin and
0.5 ,g of cefamandole/ml was used as a control
organism in all experiments.

RESULTS
Cefoxitin. The cumulative percentage of 173

isolates ofEnterobacteriaceae susceptible to in-
creasing concentrations of cefoxitin is shown in
Fig. 1, which also summarizes the effects of
medium and inoculum size on the antibacterial
activity of this compound in agar. At 20 ,ug of
antibiotic/ml, a level attainable in serum after
a 1-g parenteral dose, cefoxitin inhibited all
isolates ofE. coli, Proteus mirabilis, Klebsiella
and indole-positive Proteus species when tested
against both inoculum sizes of bacterial cells.
However, less than 20% ofEnterobacter isolates
were inhibited in agar by 20 ,tg of cefoxitin/ml.
Moreover, the percentage of Enterobacter iso-
lates susceptible to cefoxitin did not increase
until the concentration of antibiotic was at
least 50 ,tg/ml.

Figures 2 and 3 summarize the inhibitory
(MIC) and bactericidal (MBC) activities of ce-
foxitin against these same isolates of Entero-
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against the higher inoculum of microorga-
nisms. Although more than 90% of Klebsiella
isolates were both inhibited and killed by 20 ,ug
of cefoxitin or less/ml when tested against 106
organisms/ml, 50 ,ug/ml was required to inhibit
and kill a comparable number of strains when
tested against 108 organisms/ml. Similarly, al-
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FIG. 1. Cumulative percentage of30 isolates each
of E. coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
by increasing concentrations of cefoxitin tested in
agar medium with bacterial inocula of two different
sizes.

bacteriaceae tested in broth medium with two
inoculum sizes of bacterial cells. In MHB the
MICs obtained when the lower inoculum size
was employed were nearly comparable to those
obtained in agar. In addition, when studied in
MHB, 20 ug of cefoxitin/ml was bactericidal
against all isolates ofE. coli and killed 28 of 30
strains of P. mirabilis even when tested
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FIG. 2. Cumulative percentage of30 isolates each
ofE. Coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
(MIC) or killed (MBC) by increasing concentrations
of cefoxitin tested in MHB medium with bacterial
inocula of two different sizes.
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FIG. 3. Cumulative percentage of30 isolates each
of E. coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
(MIC) or killed (MBC) by increasing concentrations
ofcefoxitin tested in NB medium with bacterial inoc-
ula of two different sizes.

though 20 ug of cefoxitin/ml was bactericidal
against 80% of isolates of indole-positive Pro-
teus strains when the lower inoculum size was
employed, only 47% of strains were killed at the
higher inoculum. Cefoxitin showed negligible
activity in MHB against isolates ofEnterobac-
ter, and most isolates grew in concentrations of
250 ,g of antibiotic/ml. Results obtained using

NB were similar to those obtained with MHB,
except that cefoxitin appeared to exert less bac-
tericidal activity against some genera in NB
than in MHB.

Cefoxitin at 20 ug or less/ml inhibited and
killed all 30 isolates of S. aureus in both broth
media when tested against the lower inocu-
lum of bacterial cells (data not shown). How-
ever, in MHB 14% of these isolates resisted
killing when the higher inoculum size was
tested. No isolate of P. aeruginosa was in-
hibited by cefoxitin even at a concentration of
250 ,ug/ml. Cefoxitin exerted some activity
against the enterococcus, but the majority of
isolates grew in concentrations of 100 ,g/ml.

In agar, all four of the cephalothin-resistant
isolates of E. coli were susceptible to 20 ug or
less of cefoxitin/ml, and three of the four iso-
lates were killed in broth at 20 ,g of cefoxitin/
ml, even when tested against the higher inocu-
lum of bacterial cells.

Fifty-three isolates ofEnterobacter were spe-
ciated into five subgroups, e.g., E. hafnia (four
isolates). E. liquefaciens (five isolates), E. ag-
glomerans (four isolates), E. cloacae (twenty-
seven isolates), and E. aerogenes (thirteen iso-
lates). In general, isolates of E. hafnia were
more sensitive to cefoxitin than the other four
species. In broth, 10 ug ofcefoxitin/ml killed all
four isolates of E. hafnia, whereas none of the
other species was inhibited or killed until con-
centrations of at least 50 ,ug/ml were achieved.
Cefamandole. The activity of cefamandole

against 173 isolates of Enterobacteriaceae
tested in agar medium is summarized in Fig. 4.
At 20 ug of cefamandole/ml all 30 isolates each
of E. coli, P. mirabilis, and Klebsiella were
inhibited in both agar media regardless of the
size of the inoculum. In addition, approxi-
mately 75% of 30 isolates of indole-positive Pro-
teus strains and 60% of 53 isolates ofEnterobac-
ter also were susceptible to 20 ug or less of
cefamandole/ml in agar.
The results of testing these same isolates

with cefamandole in broth are summarized in
Fig. 5 and 6, which also depict the effects of
medium and inoculum size on the MIC and
MBC. In MHB medium cefamandole showed
much less activity against isolates of Entero-
bacter and indole-positive Proteus species than
was demonstrated in agar. This discrepancy
was most apparent when the MBC was deter-
mined against a high inoculum of bacterial
cells. Although the results obtained with cefa-
mandole were similar in both broth media,
there was less bactericidal activity against
Klebsiella and P. mirabilis in NB than in
MHB.
Cefamandole at 10 ug or less/ml was bacteri-

0- a -

Indole positive Proteus

VOL. 9, 1976

100-

80-

60-

40-

201



1022 ADAMS, STILWELL, AND TURCK

Org/ml
106 0 0

Nutrient Agor io8 -

Mueller HintOn Agor 106108

100

8o

60

40

20

100

80

60

40-

b 20-

t 100-

80-

b 60-

% 40-

20

Eoboc efooc

KIebsit/IC

K 5 Indole positive Proteus

loo1
80-

60

40 Proteus mIrobilis

20

100- _ -

80

60-

40 Escherichio co/i

20

.05 10 '20 50 100 250
0.5

pg Cefamundole/ml

FIG. 4. Cumulative percentage of30 isolates each
of E. coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
by increasing concentrations ofcefamandole tested in
agar medium with bacterial inocula of two different
sizes.

cidal against all 30 isolates of S. aureus in NB
at both inoculum sizes of bacterial cells (data
not shown). When tested against the high inoc-
ulum size in MHB, 28 of the 30 strains were
killed by 10 ug of cefamandole or less/ml. Simi-
lar to cefoxitin, cefamandole was completely
inactive against P. aeruginosa. However, cefa-
mandole was somewhat more active against the
enterococcus. For example, when the lower in-
oculum size of bacterial cells was tested in

broth, 50 ,ug of cefamandole or less/ml killed
80% of the isolates. On the other hand, 20 ,ug/
ml was rarely bactericidal.
The cephalothin-resistant isolates of E. coli

showed variable susceptibility to cefamandole.
For example, in broth medium, 20 ,ug of cefa-
mandole/ml inhibited only one of the four cul-
tures.

Isolates of E. aerogenes were more sensitive
to cefamandole than were the other species of

Indole positive Proteus

ipg Cefomondole /iml

FIG. 5. Cumulative percentage of30 isolates each
of E. coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
(MIC) or killed (MBC) by increasing concentrations
ofcefamandole tested in MHB medium with bacterial
inocula of two different sizes.
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FIG. 6. Cumulative percentage of30 isolates each
ofE. coli, Klebsiella, P. mirabilis, and indole-posi-
tive Proteus and 53 isolates ofEnterobacter inhibited
(MIC) or killed (MBC) by increasing concentrations
of cefamandole tested in NB medium with bacterial
inocula of two different sizes.

Enterobacter, and all 13 strains were inhibited
and killed by 20 ug of cefamandole or less/ml.
On the other hand, only 25% of the other spe-
cies of Enterobacter were susceptible to that
concentration of cefamandole in broth.

DISCUSSION
It appears that at attainable serum levels (20

,ug/ml) both cefoxitin and cefamandole are ac-

tive against the majority of E. coli, P. mirabi-
lis, Klebsiella, and Staphylococcus aureus
strains. Although cefoxitin and, to a lesser de-
gree, cefamandole are less active in vitro
against S. aureus than other currently availa-
ble cephalosporins, this is unlikely to be a clini-
cal problem. In addition, similar to other cepha-
losporins, cefoxitin and cefamandole were inac-
tive against all isolates ofP. aeruginosa. Cefa-
mandole appeared somewhat more active
against enterococci than other clinically availa-
ble cephalosporins.
Unlike the cephalosporins, cefoxitin demon-

strated appreciable activity in both agar and
broth medium against indole-positive Proteus
species. Moreover, cefoxitin was active against
four clinical isolates of cephalothin-resistant E.
coli. This enhanced activity of cefoxitin may be
related to its apparent resistance to degrada-
tion by beta-lactamase, a characteristic of the
cephamycins (6). Cefoxitin also has been re-
ported to be active in vitro against strains of
Bacteroides fragilis and Serratia (4, 9).

In contrast to cefoxitin, the primary in vitro
advantage of cefamandole appeared to be its
activity against some strains of Enterobacter.
However, against most of these strains, the
activity of cefamandole was demonstrated in
agar but not in broth. Cefamandole also has
been reported to be more active than other
cephalosporins against Haemophilus influenzae
(3). This enhanced activity also may be related
to better stability of cefamandole against cer-
tain cephalosporinase-degrading enzymes. The
reasons for the differences observed in the sus-
ceptibility of some strains of organisms to cefa-
mandole when tested in broth are unclear. Both
cefoxitin and cefamandole appear stable in
MHB and NB, and simple degradation of the
antibiotics is unlikely to account for the differ-
ences. Since in our studies we did not measure
residual antibiotic after addition of microorga-
nisms, we are unable to comment on the possi-
bility of enzymatic inactivation of cefamandole
when tested against a high inoculum size of
bacterial cells in broth.

In conclusion, cefoxitin and cefamandole pos-
sess some in vitro characteristics that may pro-
vide some advantages over the currently avail-
able cephalosporin compounds. The results of
ongoing clinical trials hopefully will define
these specific attributes.
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